(1.74, five minutes (2.18) showed 100% sensitivity, 99.4% specificity, 93.7% positive predictive value, and 100% negative predictive value in identifying subclinical HCA. Early identification of HCA was associated with a decreased rate of admission to intensive care (p = 0.012), as well as lower initial illness severity (p(0.0001) and therapeutic intensity (p = 0.0006) than the newborns with HCA in phase 1. Conclusion: These findings suggest that early PI monitoring is helpful in identifying HCA in term newborns.
C
horioamnionitis is a typical disease of the second trimester of gestation and is associated with preterm birth with increased fetal and neonatal morbidity and mortality, as well as a higher risk of damage to the white matter of the brain and cerebral palsy. 1 2 Little information on the effects of chorioamnionitis in the term fetus/newborn is available, although reported complications include depressed Apgar scores, neonatal encephalopathy with increased risk of developing cerebral palsy, [2] [3] [4] [5] [6] infection, high risk of intubation in the delivery room, 7 fetal death, 8 and fetal growth restriction. 9 A large proportion of cases of chorioamnionitis remain subclinical (histological chorioamnionitis (HCA)), 1 10 11 without sufficiently accurate clinical signs at birth being known to date. The pulsatile signal indexed against the non-pulsatile signal and expressed as a percentage ((AC/DC) 6100) is commonly referred to as the perfusion index (PI). 12 The pulse oximeter PI has been linked to increased illness severity and outcome in both newborns 13 and adults.
14 In this study, we postulated that changes in pulse oximeter PI early in life may occur in term newborns with subclinical HCA.
METHODS
To verify this hypothesis, PI cut-off values were first identified in a cohort of 51 term newborns (23 boys, 28 girls; mean (SD) gestational age 39.8 (1.3) weeks; birth weight 3128 (457) g) with HCA , and a matched control population of 115 newborns (54 boys, 61 girls; mean (SD) gestational age 39.5 (1.5) weeks; birth weight 3188 (572) g) without HCA, retrospectively categorised on the basis of placental histology, selected from an initial population of 500 consecutively born term infants (study phase 1). The PI cutoff values obtained were subsequently tested on an unselected case series of 329 consecutively born, term infants (168 boys, 161 girls; gestational age 39.7 (1.2) weeks; birth weight 3320 (415) g), recruited prospectively (study phase 2).
PI was evaluated during the first five minutes after delivery, and initial illness severity and short term clinical outcomes were recorded. None of the mothers of the infants with HCA had clinical evidence of chorioamnionitis. The same methodology was applied to both phases 1 2 of the study. Given the specific study aim of identifying the subclinical forms of placental inflammatory disease, three neonatologists were simultaneously involved during the study in the delivery room. The newborn caregiver was in charge of the infant's clinical conditions and primary resuscitation manoeuvres, and gave the Apgar scoring five and 10 minutes after birth. Independently, a second operator recorded the pulse oximetry signals during the first 10 minutes after birth, and the values obtained were stored in a laptop personal computer. PI was measured by applying the probe of the pulse oximeter to either foot of the infant, and artefact-free pulse wave signals were obtained 15.0 (2.5) seconds after birth. Median PI values, recorded at four second intervals during the time periods 0-1 minute and 1-5 minutes, were used for statistical analysis. Finally, a third operator independently measured skin and core temperatures, clamped the umbilical cord, sent the placenta for histological examination, and performed the blood gas analyses. Initial illness severity was evaluated using the score for neonatal acute physiology-perinatal extension (SNAP-PE) and the neonatal therapeutic intervention scoring system (NTISS) 24 hours after admission.
Infants were classified on the basis of the results of the placental histology (HCA positive v HCA negative). Placental histological examination was performed as previously described, 17 and a histological diagnosis of chorioamnionitis was made in the presence of at least 10 polymorphonuclear leucocytes per field in 10 non-adjacent 400 power fields in membranes and/or placental chorionic plate. Pathologists were unaware of the results of neonatal clinical evaluations (interobserver agreement in identifying HCA: k value = 0.96, SE = 0.013, 95% confidence interval (CI) 0.94 to 0.98).
In pulse oximetry, a constant amount of light is absorbed by skin, other tissues, and non-pulsatile blood, whereas a variable amount of light is absorbed by pulsating arterial inflow. PI is a scaled numerical value derived from the magnitude of the pulsations displayed on the plethysmographic waveform, and is calculated as the percentage of pulsatile signal to non-pulsatile signal. PI values were assessed using a Masimo SET Radical pulse oximeter (Masimo Corp, Irvine, California, USA) 13 with the sensor placed randomly on either of the feet. After the pulse wave was confirmed to be artefact-free, PI values were recorded for at least five minutes after delivery. Oxygen saturation (SpO 2 ), pulse rate, body (skin and core) temperature, and blood pressure were also measured. All the infants were examined under a radiant warmer, and Apgar scores at one and five minutes were routinely assigned by the newborn caregiver. Core (rectal) and peripheral (skin) temperature were measured using a Datascope Passport YSI 700 series temperature set (Datascope Co, Mahwah, New Jersey, USA). The same procedure was applied to the study of the case series representing the validation cohort (study phase 2). The caring physicians were immediately advised of PI values below the cut-off criterion during the first 10 minutes of life.
The study was approved by the local institutional review board, and informed consent was obtained from the parents of all the enrolled infants before the study.
Data analysis
Data were expressed as means (SD) for continuous normally distributed data and medians with interquartile range (25th and 75th centiles) for non-normal distributions. The t test or MannWhitney U test, and x 2 test or Fisher's exact test were used to compare continuous normally distributed data, nonparametric continuous data, and categorical data respectively. The predictive accuracy in identifying newborns with HCA for different PI cut-off values and one minute Apgar scores was calculated using receiver operating characteristic curve analysis. Predictive values were calculated on the basis of the observed frequencies of subclinical HCA. The MedCalc version 7.4.2 statistical software package (MedCalc Software, Mariakerke, Belgium) was used. A two sided p value of ,0.05 was considered to be significant, and the Bonferroni corrected significance levels were used for multiple t tests.
RESULTS
Significantly lower PI values at one minute (p,0.0001) and five minutes (p,0.0001) after delivery were observed in the HCA group, together with a significantly lower one minute Apgar score (p = 0.017) (table 1). The infants with HCA had significantly lower cord blood base excess (p = 0.0001), higher neonatal intensive care unit admission rate (p = 0.0001), endotracheal intubation in the delivery room (p = 0.017), SNAP-PE (p,0.0001) and NTISS (p,0.0001) scores than the HCA negative newborns. On the other hand, cord blood pH, prevalence of small for gestational age, five minute Apgar score, one minute and five minute SpO 2 , one minute and five minute pulse rate, one minute and five minute skin temperature, and one minute and five minute core temperature were not significantly different between the groups (p>0.26). At this stage of the study, one minute PI (1.74 and five minute PI (2.18 showed 100% sensitivity and (table 2) . In contrast, sex, gestational age, proportion of small for gestational age birth, birth weight, one minute and five minute Apgar scores, cord blood base excess, endotracheal intubation rate, one minute and five minute SpO 2 , one minute and five minute pulse rate, one minute and five minute skin temperature, and one minute and five minute core temperature were comparable between the two HCA cohorts (p>0.39).
DISCUSSION
Our findings indicate that HCA positive term infants with subclinical disease show lower PI values from the first minutes of life than control neonates, and have worse short term outcomes. In addition, earlier HCA detection was associated with a reduction in neonatal illness severity. These findings, as well as confirming the importance of PI monitoring in the high risk newborn, 13 provide, for the first time, an easily applicable and non-invasive diagnostic tool for the early screening of perinatal inflammatory disease, suggesting its use in newborn monitoring right from the delivery room. As a consequence, early PI monitoring could help in the early detection of these high risk newborns. The data from the validation arm of this study suggest that early HCA screening leads to a significant reduction in initial illness severity and therapeutic intensity at 24 hours. The decreased rate of admission to the neonatal intensive care unit observed during study phase 2 may be explained by a higher degree of monitoring in these high risk newborns generated by the positivity of an early marker of perinatal disease, associated with earlier, less invasive management of respiratory distress syndrome. The decreased initial illness severity and therapeutic intensity may be explained by similar reasoning. On the other hand, it is conceivable that the lack of changes in the Apgar scores, cord blood pH, and base deficit between the HCA positive infants of the two study phases may be due to their dependence on prenatal rather than postnatal factors. The reasons for the significantly lower PI readings observed in the infants with HCA remain to be elucidated. However, HCA is associated with a fetal systemic inflammatory response, 18 19 similar to that observed in sepsis. 20 21 Systemic vasoconstriction has been reported in neonatal experimental models of sepsis, 20 and an increased post-occlusive hyperaemia in septic neonates, compatible with systemic vasoconstriction, has been described. 21 Therefore it is conceivable that local skin vasoconstriction and/or peripheral microcirculatory changes may explain the observed findings. The recent evidence of early postnatal changes in skin colour in term newborns with subclinical HCA seems to support this hypothesis. 22 Although the value of this measure in influencing longer term outcome has not yet been demonstrated, our study suggests that a low PI value allows early and accurate identification of terms infants with HCA.
